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Introduction

Pressure is a significant thermodynamic parameter that is orthogonal to temperature. The work of the 1946 Nobel Prize winner Percy W. Bridgman inspired further research of high
pressure thermodynamics in biological systems. However, the limitations of material science and engineering to these days have lead to a prominent lack of commercial laboratory
equipment suitable to adequately support high pressure research efforts in life sciences. For decades, high pressure research has been driven by do-it-yourself enthusiasts capable of
combining fundamental knowledge of biology, physics and chemistry with the need to practice general plumbing and sophisticated mechanical engineering skills. Majority of the high
pressure biochemistry and biophysics work had been done using primitive manual equipment and hours of mandatory physical exercise. The goal of this work is to develop user-
friendly dynamically-controlled automated pressure generator suitable for unattended pressure perturbation studies of protein conformation, including enzymology, kinetics of protein
folding, aggregation, and self-assembly.
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Water is used as a high pressure media due to its low compressibility. Electronic regulator
controls the air pressure and the direction of air flow to the front or the back of the air
cylinder, resulting in a precise extension or retraction of the intensifier piston. Pressure is
controlled via manual control panel on the front of the instrument or remotely by the USB- High pressure EPR using Site-Directed Spin Labeling (SDSL)
powered Data Acquisition and Control interface. Built-in high pressure transducer permits
real-time pressure feedback. The system is powered by a 24 VDC power supply. High

pressure check valves prevent the back flow of water and enable rapid refill of the HUBA440 is used to pressurize fused silica capillary EPR cell
Intensifier with water for multi-stroke operation. Open frame packaging of the instrument on a Bruker EleXsys 580 EPR spectrometer fitted with the
provides easy access to all serviceable components and enables rapid customization. high sensitivity cavity. SDSL-EPR allows direct
High pressure outlet is equipped with the standard high pressure type “T" fitting compatible determination of pressure-dependent equilibrium constants
with a wide variety of industry-standard high pressure equipment. for protein conformational equilibria.
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Conclusions
We have developed an automated high pressure generator capable of unattended dynamic pressure control
up to 4 Kbar. The flexible software control interface has also been designed. This system enables rapid
Specialized Peripheral High Pressure Components Integration with a wide variety of analytical instruments such as spectroscopy and chromatography

equipment.

Possible applications for the new system relevant to protein research include high pressure perturbation of
protein conformation, thermodynamics of protein folding, control of enzyme and chemical reaction kinetics,
analysis of protein aggregation and amyloid self-assembly, optimization of protein crystallization, studies of
protein-lipid interactions and phase transitions of lipid bilayer, compressibility measurements, deep sea
biology, vaccine development and pathogen inactivation.

The new instrument is expected to lower the barrier for adoption of high pressure research in many life
sciences laboratories leading to the broader awareness of the biophysics and biochemistry research
community to the benefits of high pressure bioscience.
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